The nucleus of the mammalian spermatozoon is an exceptionally stable organelle requiring very rigorous chemical treatments to free its chromatin (Borenfreund et al., 1961) . In spite of this, the nucleus swells and its chromatin begins to decondense very rapidly as the spermatozoon is incorporated into the egg cytoplasm (Austin, 1961; Yanagimachi & Noda, 1970; Bedford, 1972) . As yet, the mechanism underlying this phenomenon has not been directly examined.
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The nucleus of the mammalian spermatozoon is an exceptionally stable organelle requiring very rigorous chemical treatments to free its chromatin (Borenfreund et al., 1961) . In spite of this, the nucleus swells and its chromatin begins to decondense very rapidly as the spermatozoon is incorporated into the egg cytoplasm (Austin, 1961; Yanagimachi & Noda, 1970; Bedford, 1972) . As yet, the mechanism underlying this phenomenon has not been directly examined.
Various methods have been used to decondense sperm nuclei and to isolate and characterize the sperm chromatin and nuclear proteins (Borenfreund et al., 1961; Henricks & Mayer, 1965; Lung, 1972) . Sodium dodecyl sulphate (SDS, an anionic surfactant) and dithiothreitol (DTT, a reagent which specifically cleaves disulphide linkages) have been used to study nuclear stabilization during maturation of mammalian spermatozoa (Calvin & Bedford, 1971; Calvin et al., 1973) . Nuclear stabilization by disulphide (-S-S-) bonding has been studied from an evolutionary standpoint by Bedford & Calvin (1974) , who have found that this -S-S-bonding is prominent in the spermatozoa only of eutherian mammals. In the present study, the types of chemicals that can decondense mammalian sperm nuclei were determined, then the common characteristics of these chemicals were evaluated so that possible inferences could be made about the mechanism of nuclear decondensation during fertilization.
Epididymal spermatozoa of the golden hamster, rat, guinea-pig and rabbit were obtained by puncturing the excised cauda epididymidis with a needle and squeezing the spermatozoa into a Petri dish containing 0-9% NaCl at 37°C. Pellets of frozen canine semen were prepared according to the techniques of Seager (1969) and were air-shipped from Oregon to Hawaii in liquid nitrogen (-196°C (Fig. 1) and guinea-pig (Fig. 2) spermatozoa incubated for 30 min in 0-002 M-dithiothreitol with 0-5% SDS. 1000. Figs 3 and 4. Golden hamster (Fig. 3) and guinea-pig (Fig. 4) spermatozoa incubated for 30 min in 0-8 M-thioglycolate, pH 9-0. 1000. Figs 5 and 6. Golden hamster (Fig. 5 ) and guinea-pig (Fig. 6) Figs 3 and 4) and (NH4)2S, the chromatin first became granular then escaped from the nucleus.
When frozen-thawed and fresh canine spermatozoa were compared after only two washings, the former were consistently more resistant than the latter to all the reagents. After four washings, however, no differences were detectable. Apparently two washings are not sufficient to remove the cryoprotective agents used in diluting the semen before freezing (11% lactose, 4% glycerol and 20% egg yolk; Seager, 1969) .
Reagents that cause nuclear decondensation can be divided into three cate¬ gories. The thiol reagents are active at pH 3-3 to 9-0: they will split intracellular -S-S-linkages, but as decondensing agents, DTT, cysteine and mercaptoethanol require the presence of SDS. The second category, inorganic sulphides, may be active either on account of the sulphide ion or because of the high pH (9-5 to 11 -8) of their solutions. Reagents in the third category (NaOH, KOH, NH4OH and KCN) have pH values above 10-5 at effective concentrations. It is possible that reagents in the second and third categories are acting by hydrolysing the nuclear proteins, but KCN (HCN in solution) is also known to split-S-S-bonds (Jocelyn, 1972) .
Of the effective reagents, only cysteine can be considered physiological, but normally there is very little free cysteine in cells compared with the 1 m con¬ centration required in vitro. On the other hand, GSH, a tripeptide containing cysteine, is the most abundant non-protein thiol in cells (Jocelyn, 1972) . In the present study, it did not induce nuclear decondensation, but this could be due to autoxidation of GSH to less reactive oxidized glutathione (GSSG). In cells, glutathione reducíase and NADH or NADPH maintain GSH in the reduced form (Jocelyn, 1972) (Jocelyn, 1972) . If this chain of events extends into the cytoplasm, it may partly explain the effects of egg maturation on sperm head swelling. Low molecular weight thiols such as GSH might reduce the intra-chain -S-S-linkages of an inactive enzyme, yielding GSSG and an enzyme with active -SH groups. This enzyme could then reduce the -S-S-bonds of sperm nuclear proteins.
Species differences recorded in Table 1 may be due to differences in the degree of -S-S-bonding in the sperm nuclei or to differences in the resistance of the sperm membranes to the chemicals. The fact that the nuclei of frozenthawed canine spermatozoa were no less resistant than fresh nuclei to the decondensing agents further attests to the safety of freezing semen and storing it for insemination at a later date (Sherman & Char, 1974) .
